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Part     One. 
HYDRAULIC  FEATURES. 

ffrREM'I  FLOW  DATA:-         In  the  invest ip^at ion  to  determine  the 
stream  flov/,    considerable  difficulty  was   sncov.ntered  owing  to   the  fact 
that  ail  public  or  governinont  records  contain  little  or  no  infonuation 
regarding  the  Big  Salmon  River.     The  figures  used,  viz.   96,000  second 
feet   for  meixiiaTaa  dlsoharga  were  obtained  by  h,  mothcd  of  comparison, 
described  below.     Tha  minimuia  of  5000  saoond   feet  was  the  figure  ob- 
tained from  investigations  conducted  in  the  vicinity  of    the  proposed 
dsvelopmont. 

The  drainage  bsisin  of  tho  Boise  Rivor  adj  'ins  that  of  the  Big 
Salmon  River,   and  for  the  former,    the  maximuEi  recorded  discljarfTS  gave 
a  guage  heipiht  of  7,2  feet,   reported  for  May  16,   1901.     Tl^ese  fxfivres 
wore  obtained  from  "Water       Supply  and  Irrigation     Papers  of    the  United 
States  Geological  Survey  Ho.   66;    Operations  et  River  Stations  1901, 
Part  2,  we!:;t  of  the  J'ississippi  River." 

According:  to  the  curve  plotted  and  estimated  from  th«  rating  table 
a  guage  height  at   Bonse  of  7.«i   feet  w  yid  mean  a  diEc!iarp;e  of  16000 
second  foet.     Tho  oGtims-tcrl  drsAnag*?  area  of  ths     B)ise  River  above 
Boise,    IdaJio,   was  estimatvsd  a.':-  2-00  square  rRilaa,   boi-ce,    according 
to  the  above  figures,   the  rsxaxiavm  dischaxt^e  per   squ?a'e  rails  is  8  second 
feet. 

The  drainage  ai'ea  of   the  Eig  S&lmon  Fdver  was  estimated  at  12000 
squyre  miles  and  assuming  the  sarrn^  disch?*r=;e  per   square  mile  as  'Jas  foun^ 
for  the  Boise  River,    the  dischar.^e  w.-uld  be  96000  second  feet   for   the 
Big  Salmon  Hiver.     The  water  supply  papers  show  that  the  comparative 
precipitation  of  the  Bi^^   Salmon  and  the  Boise  Rivers  is  in  the  ratio 
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of  2.33:1.75,   which  v;o;ild  indicate  that  the  maximimi  discharge  for  tho 
forcK^v-  iffcuid  b9  (2.-^3   x  960;''?)»  1.7S  -  128000  second  feet.      Owing  to 
the  lack  of  dat-a  lor  the  9.3lmo-n  River  and  the  probability  that  the 
flow  wcu.l'^  not  iT'<Tease  in  ciroct  proportion  to  the  drainage  aroa, 
96000  tftiond  fe-:-t  was  used  tc  des1«^n  ths  spillway. 

SLUICE  OATKS,  Rffi'AJin"NG  WALLS,   and  SPILLWAY  SECTIONS:        To  take 

csXtJ  of  '^aa  dischia-ge,    it  \ifas  necBssary     ti  provide  both  sluice    'ates 

.5 
and  3piil\fay,   and  figuring  Tor  the  gutta  tho  for:-;ula  4  =  iiAC(2gh) 

■^as  usijd,    wfhere  P  is  t.he  quani.ity  disch.irs.'ed 

n  is  the  number  of  eatss  s  10 

C  is  the  coefficient  =   .6 

E  is   tn^  acceleration  of   *rravity  s  32.2 

b,  is  the.  bead  s  30  feet 
.:   Q  =  10  X  iOO  x.a  X  (2  x  32.2  x  30)*      t:  35000  Becond  feet. 
Dsductinsf  this  suiioint   frorr;   Lhe  to '..al  discharge  96000  -  31>0;X)  a  61000 
second  feet   Lo  bs  discbarfred  over   spillway. 

It  vais  dscided  to  build  the  daiB  1500  feet  in  Isnr^th,   and  as  tJie 
gcitea  wnd  retaining  section  oceuuiad  150  f^'St   of  length,   it  loft   for 
the  spiilc&j'  a  langth  of  900  fast.     To  dstenaine  the  head  over  the 
crest,   tho  /"ormiila  Q  =  'i.i.-i  llrr-*^  w&s  usad  vihsre 

Q  s  quantity  dischayi;ed 

1  s  length   of   crest 

h  =  head   on  crest 

.:   61000  c  3.33  x  900  x  h^*»  and  solving  for  h  =  7.5 
feet  D,   the  vertical  depth  of    ■•ater  over  the  orost  of   sDill'.?ay 

7/0 (-Jb)  2  6.5. 
The  crest  of   spillway  beins  at   slavation  126.00,  maxiraum  flood  watexr 
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will  be     at  eisvatioH  iJLi.be. 

Four   foot   r'l&sh  boarda  uxo  to  Le  plucod  or  crosst  of   dju^   which 
will  rftxse  normal  wa'Cor  itw<;i  to  aiuvation  13U.0C.     Oi-dircu  y  hif^h  water 
conditions  up    1.0  a  nsaximuis  of  b5000  a^iOi>i,U  isct  ctJi  be  diacJiiir'gsd 
t:->ru  IG  siuicti  gatoe  piacoc  iii  tuu  clain  aiiU  xiie  elevation  of  T.uter   'ibove 
dam  kapt  appi'oximateiy  constant  at  yl-^vLvLion  130.00,  nonsal  oieva- 
tion  of  tuxl  race  beiag  «3  f'i*Ow,   th^t  of  ruiia  race  bei.ig  47  fe«t. 

Tho  spillviay   oaction  was  desig^ned  for  a  h«iid  of  lli'S   (hir;h  water) 
-  77,0   (aitivaoioii  a^   river   haa)   s  M.b  fuctv     7hs  aei^.'vi   cf  the  saction 
was  •^i~;.i'  itJOo.     io  ao^aruins   t.h<s  nyrisiJii't.i;iX  wvur;,i->mijig  Hoeeat, 
^he  f;,rijuia    P  2  i;  ii  Whyh+iid)   waa  usou,   vh':..i.-o  P 

i*  *  prtissui'Q 

W  2  wsigjit  of  1  ^uijio   i'ovit   of  wa-ur  2  Gi.ii 

Iti  2  haig'Tt  of   aecti'-n  =  -k^.i 

d  2  '7/b  h,    ii«s  Cibrsva  »   -i.P'^ 

.:  f  s  1/2(52,5  X  4o,5)    (4o.5+2  i  3.5a)  =.  94,2I1# 
The  verti.ial  aistancu  ^x    1.13  ucint   of   apjiiicati'in  of  ?   xi-ove  the 
base  -i'aa  ciatoruxned  ay  tho  use   oi"    -^hii  :.'Oi'mXl&. 

b  +  ;^ri         3 
''    i''    -  ^^^UlI^LJlsM.  ^    Mil    =  17.38i>  fest. 

fit.!:  i  T:  -T  ^^\c:■  3 

The  .faco  of   spill-.? ^y  is  m^de  up   of   tha  pcsrsiiola,    tangent  and 

2 
cxrclfl.  ih«  ija^'abola  was  plotisd  a'^otrdinp;  t  .   th«  ijqua.tion  x    s 

2  V}  , 

1.98  Hy  and  as  M  s  6.';8,  x     a  13.03-;,    or  y  =.  x    -^  13.03,   giving  the 

following  coordinates: - 

No.  X  y 

1.  .077'  0'   I5/I0   « 

2.  .306  3  ll/ir>  « 
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y 

0*  b  1/4  » 

V    2  3/4  " 

1'   10" 

2*    9  l/s   " 

3'    9  l/b" 

4'   10  13/l5   " 

6*    2  3/8" 

7'   8  l/l6   " 

9»   3" 

11'      5/8» 

13' 

14'   11  3/4  " 

17'      2  3/b   •• 

19'      7  d/lf,   " 

The  area  of  th«   section  '^'aa  103f5.98   square   fost. 

The  wM^t  of  th'i  concrete  is  150  lbs.   per  cubic   foot. 

«:    the  weight  of  one  lineal  foot  of  section  was  found  to  be 

15b, 503  lbs. 

In  computing  the  pressures  a.t  the  hael   and  toe  of  the   section, 

the  plane  of  maximtan  stress  is  perpendicvilar   to  the  resii-ltant  of   the 

horizontal  water  pressure  and  the  vertical  pressure  due  to   the  weiciht 

of  the   section.     Tho  unit   pressure  on   the  pl^tne  of  maxixnuni  stress  is 

found  liy  dividing  the  resultant  by  the  projection  o     the  base  on  this 

line  or  182Q\0  =  6.250  lbs.,   and   combining  this  unit   stress  with  the 
29.125 

flexural   stress  duo  to  eccentricity. 

In  findinp;  the  stress  in  the  concrete,    the  followinp  eq^iations 

were  used: 


No. 

X 

3. 

.690 

4. 

1.23 

5. 

1.92 

6. 

2.7fi 

7. 

3.16 

8. 

4.90 

9. 

6.20 

lO. 

7.r,7 

11. 

9.25 

12. 

U.05 

13. 

13.00 

14. 

14.98 

15. 

17.20 

16. 

19.60 

5^  =  ST   ;        M  a  Ve;        S  =  Mc     =  Vec.  and  I  -  bdT 
C  I  T  12 

.:    S  5  12  Veg   .   where  V  =.  resultant  preasi're  -  182000  lbs. 

©  =  ocoentricity  of  resultant  r  4.Fi34  ft. 

G  s  1/2  d«pth  of   section  s.  14, 5625 

d  r  d«pth  of  section  -  29.135  ft. 

b  =  bi*»adth  of  section  r  1  ft. 

.:    S  a  12  X  182000  x  4.834  x  14.5625  s   6223  lbs. 
(25.i25F 

Compression  at  too  =  6250  +  6223  s.  12473  lbs. 

«  "     heel  s  6250     -  6223  s  27  11) s. 

In  desi  ning  the  retaining  SHCtion,  volri  le  moinonts  v;erH  taken 
about  t?i0  hsel  of  the  section  and  the  center  of  j:ravity  of  tb.a  ssc- 
tion  found   to  be  19.39   feet   from  tho  up  stream  face  of  thrs  wall. 

The  vertical  pr^issure  cxertsd  by  the  wei -ht  of  the  wall  and 
abutments  v/as  found  in  the  sa  e  way  as  in  the  case   of  t'la  spillway 
and  aiaounted  to  1560000  lbs.     The  liniform  pn^isaitre  on    '.ho  plane  of 
jnaximiiia  stress  aa-  8150  lbs.  per  squp.ro  foot    r'ound  in  the  sa/is     ay  as 
in  the  apill'/ay  problaa.     Tne  maxicnuu  fiber  stress,   using  formula 
S  =  12  Vec=  2605  lbs. 

Compression  at  toe  s.  8150  +  2(30b  -  1075^ 

Compression  at  heel  =  8150  -  2605  =  5545f^ 

Qwxpj',  to    th(3  rreat  prossm*e  conccntratfjd  on  th'*    ';at«s,   when 
C-i-osed,    it   A'as  yiecessary  to   nut  a  girder  in  above  the  rate   to   s'Tengthen 
the  retaining  wall,    against  which  the  top   of  the  gs.to  ro-'ted. 
B'!;7jciiHuin  hi''h  ivater  conditions  ■^e.re  provided  for  in  the  design. 

K'^ad  at  hi^h  ^'ater  on  center   of  gate  s  35   feet, 

Prossura  on  gate   10  x  10  x  62.5  x  35  s  218750. 
It  was  assumed  that   o^e  foui'th  of   the  pressiure  was  distributed  to 
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each   side  of   j^ate^   Isavinr;  i.he  proeeure  to  be  carried  ijy  tho  s^irdcr 

equal   to   218750  =  546b7.5  lbs. 
4 

Fi,>.:uring  the  bending  moment  fro.ia  the  fonnula 

M  -  l/s  li?l  =  l/s  s  54687.5  x  10  x  12  =.  820,310  inch  lbs. 

From  Tui-neaure  &  Maurer  'Reinforced  Concrete",  Page  60,    formulas  (3)' 

and  (4)'  Mg  =  f^g  x  7d     or  A,  =  M^'f^  7^    where 
8  8 

d  =  dei>th  of   section  (effective)  a  31" 

fg  r  allowable  unit   stress   in   steel  x  15000  lbs. 

M  5  bending;  moraent  in  inch  lbs.  =  820,310 

A_=  area  of   steel 
s 

''    A     =  820310 ^  -  2.02  souar©  inches 

15000  X  27.125 

Checking  for  stress  in  c  -ncrete  M  =  f  x  bd*-  where 

"    6 

M  =  binding  moment  -  820310 

b  B  breadth  of  section  2  12" 

d  =  depth  of  section  (effective)  a  31 

f  s  unit  fiber  stress  in  concrete 
e 

•5  ^-  «  fi  X  820310  s.  427  lbs.  per  so.  inch 


12(31)' 


which  is  well  within  the  lindt  of  safety. 

Considering  the  water  pressijre   on  a  foot  width  of  the  p/irder 
and  proceeding  by  the  above  method,    it  vas  found  that   ,69  squ^xre  in- 
ches mora  steel  were  required,   malting  a  "uotal  of   2.71   square  inches 
in  tho     irder—  four  Is/lG"  roujid  rods  bein??;  used. 

The  addifcional   stress  in  the  c   ncrete  due*  to   the  water  pressure 
on  the  sl8.b  amu!.intr-)d  to  146   lbs.,   bringing  the  total  compression  to 
427  +  146  -   573  lbs.  per   square  inch   still   -vithin  the  allowable 
safe  limit.     The  retaining  wall  ita- If  V7as  investigated  by  the  felioTe 
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!  !  i:  r;  L  r.  V 

r;  t  r  f.  r  1 1 M  ' 

method  and  f^  found  to  bo  330  lbs,   and  A  ,   1  sq.   in.,   the  rods 
being  spaced  and  p.laced  as  sho-wi  in  accoiapanying  draivingB. 

DESIGN  OF  CANAL-  The  character  of  the  foi-mdations  fmd  under- 

lying strata  in  the  vicinity  of   l.ha  propos -4  plant  could  not  he  ac- 
curs.tely  dotei':nin3d   ^rox:i  sjiy  avaiilabla  records  bo  it  was  assumed 
t   at   thsre  was  rock  below  elevation  130  fc^t.     The  quantity  of  wator 
flowing  tlir  ugh  the  canal  was  5000  cubic   feet  per  socond,    thf^  dRs:i rod 
velocity  four  foet,    p;ivinp;  rea'iired  cross   section  area  of   1250  square 
feot.     The  b  ttom  width  of  canal  at  tslevationlOtJ  v/as  50  f?;st  side 
slopes  in  I'ock  of  1  to  4  and  abov^  r^ck  2  to  1. 

From  I'.'ead,   Pii^^e  51,  ?/as  ^otten  the    "ollovdng  method  of  investi- 
gation  for  Inss  of  ^  i^ad   '"us  to   friction; 

r  =  .353   (A)*^s  .353   (1250)*^=  12.481 
V  =  c  (ra)*^     .:    a  2  v^c^r  and  c  =  96,.:    s  s  2.0016" 
which  is  neglif^iblQ.     This  hownrer  iax'-astigati^s  for  a  rectangular 
cross  sedtion  and  the  section  of   the  canal  v/as  changsd.     Tlis  differsncc- 
howovsr  in  the  resiut  would  be   slight. 

The  intcUce  to   tlie  ca'^.ai  through  four   stibiaerged  arches  p;avo  an 
entrance  to   the  '?<ateT  at     a  velocity  of  about   five  feet.     The  ai'chss 
waro  buttressed  as  shown  on  Vili.i.e  prints  and  designed  to  resist  the 
maxinium  pressure  of  \iipili  's'ater  in  cas'5  it    ever  becomes  n^cesaarjr  to 
cut  off    Lbs  Canal   int.tke  '4,-ith   stop  lop;s.     The  stresses  found  v/^rs 
well  within  th!3  limits  o"  safe'y  and   ranounted  to  6088  lbs.   at    i,hg  heel 
and  8880  lbs.   at   the  toe,   both  in  comp^'essir-n. 

TNSTAI..LATIQN:  -  S.  Mer=:an  Sraith,   42"  quadruple  turbines 

rimning  at  a  velocity  of  257  R«  P,  ?/.  \vyr'3  us  d  to  operate  each 
of  the  four  units.  They  v/ere  set  in  op«in  fore-b-^ys  in  concrete 
vaixl.ts  or  Gharcbcrg.     Bach  unit  capable  of  dovsloping  5000  H.P.   under  a 
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47  foot  head, 

Ths  exciter  unit  is  to  be  driven  by  a  James  Leffel  &  Co.    '•Sanison 

17  C"  vAeel   set  on  center  line  of  power  Viouse  and  plant  layout,    in 
a  concrete  lined  v;al,i   suppliad  with  water   through  a  36**  intake  from 
units  nujpber  two  and  three  on  either  side. 
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Part  Tv/o. 
ELE(?i'RlC  FEATURES. 

Tlie  next  step  in  the  design  of  a  hydro-electric  plant 
is  tliR  economical  and  conservative  conversion  of    the  available  energy. 
Having  given  an  ariiount  of  energy  equivalent  to  t  enty  thousand  horse 
power  or  about  fiftson  thousand  k-ilowatta,   it  lollowe  to  decide  upon 
the   size  avid  number  of   the  units  to  be  inst;illed.     Tharra  is  no     fixed 
rule  regarding   this  matter   so  tho   enginoor  in  char  -e  must  decide  upon 
such  inachines  as  he   thinks  ^ill  do  the  required   •'/ork.     The  units   shoiild 
not  be  too  large,    for  if  one  sh  uld  break  div-Ti  the  others  ought  to 
carry  t]ie  load  *vithoiit  be«oging  excessively  overloaded.     Then,   too, 
the  larger  ths  units  the  hi'-Jier  will  be  the  efficiency.     It  is  best 
to  have  the  units  of  the  same  capacity.     After  due  consideration  it 
was  decided  to  apportion  the  output  of  the  plant  to  four  alternators 
of  thirty-seven  hundred  and  fifty  kilowatt  capacity  each,   at  unity 
po  ,er  factor.     These  machines  are  of  Greneral  Electric  design,  type 
ATB.,   having  revolving  fields.     They  generate  at   a  voltarce  of 
sixty-six  nundred  s/id  frequency  of  sixty  cycles,   ara  three  phase  and 
run  at  two  hundred  and  fifty-s«ven  revolutions  per  minute. 

To   obt jin  direct  current   for   starting  tlm  plant  and   for  re- 
serve excitation  as  *3ll  as  to  furnish  po,ver  to  operate  thf?  oil 
switclies,   the  crane,   and  to   furnish  lighting  current   for   the  building, 
it  is  proposed  to  install  a  saventy-five  kilov;att  water-driven  direct 
current  generator. 

Kach  of   the  large  generators  carries  on  i^.s  shaft   a  thirty- 
seven  and  a  half  kilowatt  direct   current  generator  which   furnishes  the 
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exc'.ting  current  under  normal  cunditions.     Each  generator  has  its 
o-vm  exciter,   but   the  arranger.-ent   is  such  that   th-?   excitfsrs  may  ha 
paralleled  with  tho  seventy-five  kilowatt  inachine  in  case  such   con- 
nection  should  be  necessary. 

Throughout  the  West  it   is  corrmon  practice  to   transmit  three-phase 
current  at   sixty  cycles.     The  load  is   for  tho  mnst  part   one   of     light- 
ing,  though,    of   course,    sore  of  it   Is   for  power.     For  power  loads 
a  low  frequency  of  t¥/eni:y-five  cycles  is  better   t'lan  sixty  cycles, 
hut  the  latter  is  usad  because  it  is  beat  suitad  to  jkower  and  light- 
ing loads.     Three-phase  is  adaptable  for  both  lighting  arid  power, 
particularly  the  latter.     Then,    tio,   thres-phasa  trsjiamission 
is  the  most   saving  in  copper.     The  coat  of  copper  is  cm  lispoBtiuit 
itom  in  the  cost  of  transmission. 

It   is  proposed  to   ai'-'^ct  two  tra/asraission  lines  each  to  be  run 
in  duplicate.     T'-iese  lines  are  to  divide  tha  loi.d  equal  iy  between 
ein  existing  plant  at  Lewiston  and   a  proposed  plant  at  Oxb'iw  Bend  on  the 
Snake  River.     These  lines  svould  be  about   sixty-five  miles  in  length. 

Remote  control  is  used  throut'ihout  th'^   entire  plant.     The  leads 
from  the  alternators  run   through  conduit  in   the  floor  and  V^e.  eighteen 
inch  wall,   whicii  divides  the  q;enerator  from  the  tranaformer  room,    to 
potheads  in  the  latter  room.     From  the  potheads,    i.he  three  leads  go 
to  the  current  sand  potential  transformers  and  to  the  lower  teroiinals 
of   t'\e  generator  oil   switches. 

The  switching  room  is  behind   the     peratlng  iijallery  on  the 
second  floor.     All    ^   the  oil  switclies  are  located  in   this  room. 
Theyare  General  Electric  motor-operated,    type  H3,   triple  pole, 
double  break  svvitches. 
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Th     leads  run  fv.im  tho  three  generator   switohos  to   the  generator 
busbars.     These  are  located     n  a  fourteen  inch   .rail  directly  undar 
the  switches.     From  these  busl'.-jrs,   vvliich  parallel  a-11   four  generators, 
the  leads  are  rvin  through   another  oil   av/itch  to   the  lo"w  tension 
side  of   tha  transf fimiers.     T:ia  arran'-^e  ont   chji  be  biast   undorstood  by 
reference  to   the  drawings  and   firing  diasraia. 

Tw     banks  of  tran  f  riners,    one  for   Qac:i  feeder,    .ire  to  be  used, 
with  a  rsBurve  unit   on  rails.     This  transfcrmer   cun  be  moved  on  the 
rail*  and  used  as  a  substitute  for  aiiy  one   -.f  thra  six  othRra. 
The  transformers  arfi  of   the  n-sneral  Kiectric   '«iter-coolod   type,    of 
t'/Jenty-five  hundred  kj.lorfatt   capacity,    sin.'-le  phase,    sixty   cycles  ajid 
transform  from  sixty-six  hundred  volts  to   sixty-six  tliousand. 

The  tran.?iff}rriiers  are  connected  delta  to  dsita  as   t'ds  method 
of   connection  eliminates  the  third  hariflonic,    and,    in  case  of  a 
breakdown  in  one  transformer,    thn  t  .'o  others  world  cari'y  the  load 
on  an  open  delta.      If   star  connection  were  used  a  breakdown  in  one 
transformer  would  tie  up  the   .vhole  b,-.mk.     However,    the  star   connec- 
tion has  its  advantage.     T'ls   transf orrfiers  do  not  have  to  be  built 
for  as  hi'c^h  voltage  as  is    the  case    lith  the  delta  connection. 

T)ie  high  tensi  m  sides  of   the  transformers  feed   into  high 
tension  busb/irs  v/hich  are  sectionalized   in  the  middle.     T'sese 
busbars  firo  supported  in   hho  centers  of   coinpartir.snts  about    four  feet 
square,   tho  latter  being  at    i.he  top  of  a  wall  tv/enly-four  feet 
long  and   four   feet   wide.     From  the  busbars   the  loads  fo  to   another   set 
of   type  H3  oil   sisitches.     These  are  built   for   sixby-six  thousand  volts 
and    '.ie   tlie  feeders  on  to   the  busbars.     There    -iry  tifo   of  tiir  ail 
s«itc'-os   for   each  feeder.      )f   tho  t   o    for   each  feeder,    one  is  on 
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th«  reserve  line.     Ths  initrisment  transformers  sre  loc'ited   just 
und'-r  t'ls  gallery   -^loor  and  int.'.'^capt   tha     hi^.h  tenstin  leads   just 
before  they  p;'.-   to  the  switches.     From   LhB  i'sedcr   switches  th':;  leads 
go  under   the  gJiliery  floor,   being  siipas-ated  by  six  inch  barriers  or 
walls,   to  the  feeder  compartment.     This   is   simply  a  cJi^irabor  ten  foot 
wide  and   as  hin;h  -is  th'i  ;ta3.i*?ry.     Then   the  l^sada  ar^  run  vertically 
up   to  the  choke  coil  and  out   through  the   .vail  insulator   to    the  line. 

In  the  upper  pai't   of  the   feeder   cunpartment   f.re  sif>pirted  the 
horn  gaps  for  thy  General  Electric   electroly'.ic  lightning  arresters. 
Tnese  arrssstera  ore  located  on   the  -yroung  fl>.>ar  in  a  compart!-ont  pro- 
vided for  that  puri.i(jse.     Cinnactions  to   th6  h -rn  gaus  are  made  hy 
cables  which  run  up  through  the  opening  in  the   floor  of  the  g&.lery. 

The  entire  pia>it   is  c  ntroLled  from  a  switchboai'd  located  in 
the  n;allery,      Tt   is  a  v^^rticbl  boivrd  seventoon  f-)et  imd   four  inches 
lon^  fViA  ninety  inches  hij^h.     It   is  to  be  constructed  of  white  n'.  rble 
one  and  one-lialf   inches  thick    vith  a  one  inrh  b-wel.     The  bosrd  is 
mad'i  up  of  r!l»^ven  panels,    -"oiir  tyonty-fnir  inches  v/ide  for   g»n'"'rat  ;r 
control,   tv     sixteen  inches  wide    ^or  feodor   control,   ,-inci   -^ivo  six- 
teen in'ihes  wide    Tor   exciter   control. 

The  exciter  panels  are  equipped  as  follo^/?!3:    one  arriinater, 
one  circuit  >'r'^'ak9r  in   the  positivt^  lead,   one  double  pole   single 
throw  paralleling  switcli,    one   sini^le   pole  sini';le  throw  equalizer 
switch,    ono  exciter   finld  rheostat,   and  ons  potentitil  plug.     Th  ire  is 
a  direct  current  round     yi)e  voltmetf^r  on  a  hracket,   v/hieh   serves  to 
indicate  th^  voltage  of  eny  excit---r  ot     of   hhe  excit.-r  busbfirs. 
The  aiamoters  are  of   the  h.'rizcntal   ed^e-vise  type  manufactured  by   the 
Cfdneral  Electric  Comprny. 
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The  four  generator  panels  are  equipped  in  the  folloi/ing  manner: 

three  ammeters,  one  for  each  phase,  one  indicating  pojiyphase  v^attsieter 

and  one  paver  factor  indicator,  all  of  tho  horizontal  edgewise  type. 

There  are,  for  controlling  the  motor  operated  oil  switches,  three 

indicating 
small  switches  with  bull's  eye  Isaips,  and  two  switches  for  controlling 

t.he  motor  operated  field  rheostat  and  field  switches.  The  handlos  of 
these  switches  v/hen  tho  motors  gj'e  not  in  operation  er^j  in  njid  posi- 
tion. To  have  the  motor  revolve  in  one  direction  the  handle  is 
raised,  to  have  it  turn  the  other  way  the  handle  is  lowwred.  The 
oparating  motors  w^ill  continue  to  rim  as  long  as  tlie   handle  is  held 
in  tho  ijp  or  the  down  oosition.  The  eq^up1[n^^nt  of  the  generator  panel 
also  comprises  a  synchronising  receptacle,  a  potential  plug,  a  poly- 
phase integrating  wattmeter,  and  two   ov'^rload  rel.vys.  These  relays 
are  for  tripping  the  main  generator  oil  switch.  They  aro  connected 
in  series  with  the  aHineters,  ciwrent  transformers,  and  current  co-ils 
of  the  other  instruments. 

To  conform  v/ith  the  rert  of  the  board  the  feeder  panels  »xe 
equipped  v/ith  horizontiil  edgewise  aroioeters  of  *'hich  there  are  three, 
four  control  S'^tchea  for  operating  the  oil  switches,  and  two  over- 
load relays  for  tripping  the  feeder  switches  under  abnormal  condi- 
tions. There  is  also  a  polyphase  integrating  wattmeter. 

In  all  cases  tiie  instrianonts  are  connected  by  transformers. 
The  current  transfonaers  have  a  maxinum  value  of  five  aap^res  flow- 
ing thru  the  secondarias.  Tiie  potentia.1  tr-insf oraors  all  step  dosr 
to  a  secondary  pressure  of  iiO  volts.  There  are  tv.'o  current  and  tv;o 
poteniial  transformers  the  f jrmer  being  connected  together  on  one 
side  and  grounded.  The  latter  are  connected  open  delta  «("ith  the  middle 
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point  cf  the  secondary  groiindod. 

In  order  to  provide  a  definite  means  of  cutting  out  a  crippled 
feeder,    the  tv/o   oil   switches  are  electrically  interlocked  so  that 
one  must  necessarily  bo  open  if  the  rrher  is  closed.     The  two  t^enerator 
BViitzhea  which  tie  the  machine  on  the  main  and  auxiliary  busbars  are 
also  intorloced  so   that   the  source   of   supply  cah  be  connected  with 
but  one  busbar. 

All  of  the  control  equipssent   for  tho  3xcitation  is  located 
directly   undsr  t\m  switchbosTd  on  the  f/round  floor.     There  are  tp?© 
four  jijotor  opfiratrtd  tyvo  T  <Ioneral  Flactric  gfjnere.tor   field  rheostats. 
On  the  vertical  wall  directly  above  tho  rheostats  ar-.'  rnounted  the 
solenoid  operate^',  field  switch«n.     As  the  IfSLids  loave  the  cunduit  thay 
are   taken  one  thr'iugh  tlio  field  svfitch  to  ona  biisbar,    and   the  other 
through  the  rheostat  to  the  other  busbsT.     Tiie  actual  fiold  circuit 
does  not   appear  at  the  switchbORrd  at   all.     The   sijnpl'?  motor   control 
circuit   coiaes  up  to  the  generator  panel. 

The  thrse  leads  from  each  exciter  as  v;  ;11  as  froa  its  field 
circuit  are  brought  up  to  the  respective  panels  on  th?  '^oiU'd.     Tlie 
positive  load  f^-oes  through  ono  pole  of  the  main  switch,  through 
the  circuit   breaker  and   down  to  the  positive  busbar.     Tho  negative 
load  goes  to  thn  ooher  pols  of  tho  switcli  t'.nd  to  the  negative  bus. 
The  equalizsr  lead  goes  tn   the  equalixor   switch  and  thon  to  the  e- 
qualizf'r  bus.     Th^  three  busbars  are  mounted  on  a  pipe  frarae  which  is 
attached  to   tho  coiling  directly  below  th-s  gallery  floor  undsr  the 
control  board.     Tho  busbars  a#3   of  copper  and  designed  for   a  current 
density  of   ono  th'.'usand  amperes   oar  square  inch. 

In  front  of  tho  control  board  the  gallery  floor  extends  out  a 
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f9',f  feet  enabling  the  operator  to  view  tho  entire  gonyrator  room. 
Under  this  projection  on  the  kT'Ain^  floor   in   situated  th«  house» 
switch  boai-d.     From  this  bomd  tho  power  for  lighting  th«  plant, 
for  tho  machine  and  for  the  crane  is  controlled.     Sinea  the  heaviest 
part  of  a  generator  weighs  53600^  ws  will  install  a  thirty  ton  trr>.vol- 
ing  crane. 

As  much  li'-dit  aa  possible   is  obtisiined  from  the  five  foot 
luindows  alon;^  the  back  of    Lhe  building  ar4d  the  t«relve   foot   v/indows 
in  the  generator  room.     Fro-yiaion  is  made  for  hauling  nov-'  rifttsrial 
into  the  plant.     Thirty-five  feat   of  track  of   .':ta]idca'd  suago  is  laid. 
The  flat  car  can  thus  bt  run  through  tlio  tvf*lv<s  foot  door  cu  to  th-3 
track.     Then  the  crif^i^  say;  pick  up   t;:&  ritit sr 3.i.l  and  carry  it  to  any 
part  of  tha  gonerutor  room. 


THAKStO'SSTON  LINS. 
Of  prime  iiTiportanoe  in  project  of  this  kind,    ia,    of 
course,  the  Hat>-;r  supply  oi-  th,i  aiaount  ;if  aviiilable  er.svgj.     The 
next  and  very  imporkajit   f&atiu-e   is  ihe  tr£j:smission  li'ie.      If    c-im 
readily   be  appreciated  t'riat  it  is   of  vital  importjyice  to  have  the 
transmission  lino  carefully   w'.-.rkod  out  boccuso  up-vn  it,    to  a.  IraTV/i 
extent,   depends   the  uontiniiity  of   tha  service,      '^n  tho  design  of  a 
transasisaion  line  thara  are  two   features  io  be  consldWRd,    t'ne  '^Iftc- 
trlcal  find  the  mechanical  conditions.     They  -ill   ue  talc  on  ^ip  'in  thtj 
order  uentioned. 

One  of   tho  first    things  to  be  coasidMrsd  is   the  kind  of   con  ductors 
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to  be  used.      Thore  are   several  kinds  in  use  but  we  will  confins 
ourselves  to  two   and  decide  upon  on  one  of  t'oose.     Copiar   and  alurdnum 
are   thu  most   co'i'Ton  ones.      Copper   is  th^^  b^st  kno?/n  cor"jiiiircial  con- 
ductor  of  fslectrleity  but   dur;  to  the  marked  difference  in  weirhhs 
the  aluminum  is  coming  into  ranre  f^eneral  uso  rir^ht   along.     Aluiriinum 
weighs  about   ono  half  what   coooer  does  so  that  freij^ht  c'^arges  may 
influence  tho  choice  of   conducting  matp.risil.     The  conductance  of 
alijrrdnum  is  oaly  about   62  per  cent   of   that  of  c  oper  hence  talcea  a 
lar;;ar  cross  section  for   a  f^iven  curront.     The  ultijaate   strenglh  and 
elaritic  liinit  are  qToJ.t©  comprit'able  with  those    jf  copper  so  th/it  from 
a  mechanicfil  strmdpoint  alumiram  car;  be  used  as  svs;ll  as  coop'jr.     The 
coefficient   of  linear  expansion  is  p-eater   than  that   of  copper  so   tJint 
hir'.her  towers  h-ive  to  bs  used  to  take   catre  of   t.h.e  gri^ater   sag. 
Due  to  the  necessary  increase  of  cross  section  ovtjr  that  of  copper 
the  inductance  is  decreased  wJiilo  the  capacity  is  increased.     The 
aluminum  forms  an  oxide  on  the  surfacie  of  the  conductor  wliich  trends 
to  insulate  it     somev/hat.     Sleet  and  ice  do  not  stay  on  it  as  roadily 
as  on  couper,  honce  It   is  advantageous  in  that  respect.     After 
caref\illy  considf?rin(^  these  characteriitics  we  decided  to  use  a 
stranded  aluminum  cable. 
Computations: - 
Let 

Erprassiare  between  receiving  wires  in  volts 

Wrpower  delivered  in  kij-ow/atts 

Ksload  poxver   factor  expressed    iS  a  deciHal 

Ascross  section  of  conductor  in  r:iiHionB  of  circular  mils 

Wrtotal  v/eig-ht  of  conductor  in  pounds 

Irlength  of   circuit  (each  v/ire)   in  feet 

R-resistance  of   each  wire  in  ohxaa 
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t     r inductance  factor  of  line  equals  ratio  of  line  re- 
actaTxCo  to  l.i^?e  resistance. 

Qspev   Cfint  p'iWBr  loss   in  tftrrns  of  d-^livf?r8d  po'ver, 

Prp  jr  cent  prossiire  drop   in  psr   cnt  of  d^^livered  prensure 

!>/ 
F=ccne  tantr - 

Spacing  of  conductore  equal  72  in. 

Es66000  volts 

Frequsncy^SO  cycles 

I=7£0C   (6Sii-.Ai_ed  riOQOkw) 

ks  *'ob   i  as auincid ) 

1=(:5  .:i  5230  =  343000  ft. 

Q=  10)1 

343000  X  BOOO  j, 
Fs   (,y^^  X  OuO'V))  '  r  .37 

2 
Percent  prosGura  drop,  P2;  r.'Q+fJQ 

where  M  sjrid  ?I  fxi'e  con«taats  depsjiding  upon  k  and  t     of  circuit. 

For  alacsinxan  conductor 

A=  1»'^7.  '^     =  X.57  X  .87       :;  .145  x  lO"  ciro.  ails 

Nearsst  corriraorfiial  B  &  3  gi^a^e   is  ^OO  with  As   .162  x  10  '    c.   ra. 

Exact  powsr  loss  =     1.67  x  .57  -  3.65i 

.lft8 
FroE  tahle 

Reactance  factor,   t-,    =  1.41 

M  £  1.354,   and  K=  .0011 

Pressure  drop,   P=  8.P5  x  1.354  (.003.1  x  (8.^.4)*'} 

The  cayacity  e»«ceptance  of  tLo  line  jh  b  ?ind  equals -3r^  x  10 
?/here  f  it?  the  fraquency  find  0  io  the  capacity  in  m.f . 
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Frcji^  table 

b  a  .00000091  far  1000  ft.  and  100  eye ' es 
Tor  this  case 

b  a  .00909591  x   .6  x  1.03  x  343  x  .62  s  .0001195 

Resxstance  s  ,0yy5  x  343  -  34.1  obmc 

Thflrofore  roactance,  Xt,  s   1.41  x  34.1  a  48.1  oliais 

Decrease  in  per  cent  presauxe  drop  duo  to  capacity  effect  s  P  slOObX 

-  100  X  .0001195  x  4a. 1  -  .'jTS'/. 

Decrfc.sfl  ir)  r>:^.r  csT^t  po""?>*  l?3a,   q,   d".^--  to   cang.city  affect 
a* 

q  =  2fit ^ wh«re  a  =  lOObR  and  t  s  .62 

k-^  Q 
a  =  100  y.   .f>i)0ll95  x  34.1  r    .407 

(.407)- 
Thftraforo  q  =.  ^  x   ,4^^'^  x  -^2  —    '    .         ^ 

(.85)^  z  d.65 

r  .504  -  .023  -  .481'/, 

Hencw  the  tfue  pre  sure  drop  or  '/>  regulation 

i  1253  -  .57b=11.955i 

TruR  power  loss  =  8.6b  -  .481  ::  6.1697^. 

Therefore  jTeneratnr  pressure  equals 

66000(1  +  .1195)  s  73100  volts 

Charging  current  pnr  wire  equals 

I  s  bK  X  i.l5  a  .0001195  x  66000  x  1.555  =  9.14  amperes 


MECHANICAL  0'"'NSIDEP ATTONS . 
Let  S,  z  span   in  feet 

D  r  sag  in  feet 

Dj^  s  vertical  component  of  sag 

W  s  weif,ht  of  conduttor  plus  wei  'ht  of  ice  in  lbs.  per  foot 
Wq  -    "   n      "    only 
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¥    s  reavxltpcTit  of  W  and    vind.  'or assure  in  lbs.    oer   foot 
r 

T  X    maxiaiuai  a-llo^abla  t'snsion  in  conductor 

t  a  tejuD.raburrt  in  doRrties  "Fahrenheit  above  th'    ininint;Hi  (-40°) 

k  a  tecrooratura  coerficient  of  linear  ajcpuii&ion  por  degree 

A  a  cross  a.-cfii'^n  in  sqiara  inchss 

E,    M  stretchlrig  modulus   of   elasticity  in  ibs./in. 

L     js  length  in  feet   ^Jf  Lingi«   Bpa.ii  of   strung  cable  at 

minimum  temperature 

L     a  length  in  feet  of  unstrossed  single  span  of  cable  at 

ininifliUiii  tempiirature 

24  T*^ 


L  =  — 

"     1*  T 


D^  = L  (Lji  +kt)  -  S.)  D  =  _JL1 

S  "^      64  A  % 

D  W 

2l= 

r 

For  this  ca.-^e 

difya^'or  of  c-^ndiict^r  ~  .'7  i/.. 


S  =  60C 


T)    m     * 


jm   =  ,15'is  ibti/ft 

5230 


r 

A  T   .131?  aq.  in. 

T  =  1850  lbs. 
t  =  150°  F 
k  a  .0000126 
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E     =     9000000 


Weight  of   ice  -  57  lbs/ft' 


Tiierafore  v/tiit-ht  of    ice  1/2  in.   thick  por   foot 
125*  (li.9l)     -  (til) 
=  (    2   )  (      2_)   X  57  -  37,7  (.54-.055)x  :>7     = 

1728  172d 

,604  lbs/ft 

Therefore  W  s  .lb4'j  +  .004  =  .76  lbs/ft. 

Wind  pressure  s  1.47  x  12  x  IJi  =  1.S4  lbs/ft 

14'i_     

>^^"=    (.76  +  1.642)  •§  2  lbs/ft. 

Therefore  1     z.  iOO^jfJ  SOOiJ^  x  C2)f._     =  600  +  ^16000000  s  602.63 
*  24  X  (idbOr  b21UO0OO 

Thsrsf  re  L     =         S0263  _  a  601.98 

u  — ~.,~         .  .-  — - 

1  +  .-_  _„185p  _  _„. ^_..__ 
y 000000  X  .1317 

t  =  iso'if 

D"^  -  3  X  600     (6Oi.yB(i.00^J92)-6O0)D  =  3,  >:,  600^  x  601.9b  x  ,2. 
8  64  x  y  000000  X  .1*317 

B?   -  1350  D  =  10200 

I)  s.  40.1 

Vertical  sag  »  40.1  x  .7;'.,  _  r  15. 2b  ft. 

2 
Lowest  point  r  lb. 25  +  25  =  40.2b  ft. 

Weight  of  c  nductor  plus  iee  =  6  x  600  x  .76  =  2740  lbs. 

Wind  on  conductor  2  6  ..  1.84  x  600  -  6630  lbs. 

Wind  pressure  on  25  sq.  ft.  tower  s.  25  x  15  a  375  lbs. 

Assuiae  1/2  at  top  or  190  lbs. 

Assume  weicrht  of  tower  s  2000  lbs. 

Thorofur©  the  tov/.-ir  must  withstand  a  weirht  of  ice  covered  con- 

ductor  and  its  own  7/eirht  of  2740  plus  2000  a  4740  lbs. 

and  wind  pressure  on  conductors  plus  wind  on  tower  or 
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6630  +  190  =  ^^820  lbs.   at   top 

With  the  span  of   ilOO  ft.,    Uie  raqiiired  nurrilvir  of  towers 

N  r  343000  =  572 
600 

The  insulators  aro  to  b?  of   th«   suspension  type  raunufactui-ed 
by  the  R.  Thomas  Co.     Three  units  ore  to  by  hung  in  sorLos  to  con- 
stitute one   instilator.      Hence  for   supporting  six  lines  on  each  tower, 
the  total  nuiTitaer  of   insulators 

N  =  572  X  6  =   3432 
The  total  nuber  of  units  equals 

3432  X  3  =  10296 
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